Abstract: The desorption of 137 Cs from Cetraria islandica (L.) Ach. lichen was investigated using the solutions: A) H 2 SO 4 -HNO 3 -K 2 SO 4 , B) H 2 SO 4 -HNO 3 --Na 2 SO 4 and C) H 2 SO 4 -HNO 3 -(NH 4 ) 2 SO 4 -(NH) 4 NO 3 at pH 2.00, 2.58, 2.87, 3.28 and 3.75, similar to acid rain. After five consecutive desorptions using solutions A, B and C, from 44.0 % (solution B, pH 3.75) to 68.8 % (solution C, pH 3.28) of 137 Cs had been desorbed from the lichen. In all cases, the most successful 137 Cs desorption was the first one. In the presence of K + (solution A) the total amount of desorbed 137 Cs did not depend on the pH of the solution and this was confirmed by the analogous reactions of Cs + and K + , due to their similar ionic radii. The dependencies of the non-desorbed content of 137 Cs on the number of desorptions gave curves indicating that at least two types of sorption occur. One of them can be dominant if suitable desorbants are used. The results indicate lichens as secondary sources of environment pollution with 137 Cs.
INTRODUCTION
In a previous study, 1 the extraction of 137 Cs from Cetraria islandica (L.) Ach. was investigated using solutions of HNO 3 , H 2 SO 4 and mixtures of these two acids, as well as a solution containing (NH 4 ) 2 SO 4 , i.e., solutions with pH values similar to that of acid rain. H + and NH 4 + were the dominant in these solutions. However, real rainfall also contains other ions originating from substances of different origin, such as sea spray, solid aerosols, etc. [2] [3] [4] Normal rain contains on average 2.0 mg Na + , 0.30 mg K + , 0.10 mg Cl -, 0.60 mg HCO and a series of other elements per 1 kg. 5 Their presence in rain is mostly due to natural processes.
In living organisms, the Cs + behaves as a chemical and biochemical homologue of potassium and follows its metabolism. 6, 7 For this reason, an investigation of the influence of Na + and K + from atmospheric water on the desorption of Cs + from lichen is of interest, as cations of alkaline elements are similar to the Cs + and they can influence its desoprtion based on ion exchange, without other reactions. From this, the possible influence of these cations on the desorption of Cs + from lichen follows.
The purpose of this work was to investigate the influence of Na + , K + and NH 4 + on the desorption of 137 Cs from lichen, using solutions similar to acid rain, that thus become a secondary source of pollution with the 137 Cs.
EXPERIMENTAL
The apparatus, samples, and sample preparations were the same as in previous studies. 1 4 , p.a., Superlaboratory, Serbia; buffer solutions, pH 4.00 and 7.00, Carlo Erba, Germany, were used. The solutions were made in distilled water. Standard filter paper, Merck, was used for filtration.
The measurement error is given as the standard deviation of all the individual measurements of the same type (pH value) independent of the solution type.
Desorption solutions
Tree types of solutions were used: A) H 2 SO 4 -HNO 3 
Desorption procedure
After measuring the activity of the sample, 200 cm 3 of each solution was poured over 10.0 g of dried sample. The desorptions were performed at room temperature (≈ 22 °C) and lasted 24 h with occasional stirring. After this time, the solution was decanted, the sample dried and its activity remeasured.
Measurement of the 137 Cs activity in the sample
Before the first extraction and after every subsequent extraction, the filtrated and dried lichen sample was placed into a plastic vessel with a diameter of 7.5 mm and a volume of 150 cm 3 . The activities of 137 Cs in every sample were measured under the same geometric conditions for 1 h using an HP Ge spectrometer (Ortec-Ametek), with 8193 channels, an energy resolution of 1.65 keV and a relative efficiency of 34 % at 1332.5 keV 60 Co. The activity values were used to calculate the specific activities (Bq/kg). The mass of the sample was reduced after extraction by 0.6 % (average value), i.e., less than the error of the measurement.
The content of 137 Cs in each sample was expressed as the percentage of the remaining radiocesium in the sample after each of the five consecutive desorptions, as related to its content in the original sample. All desorptions were repeated twice and the mean values are given in Tables I-III. According to the data in these Tables, high starting activity levels of 137 Cs (between 2140 and 3265 Bq/kg) were measured in all C. islandica samples. After five consecutive desorptions using solutions A, B and C, between 44.0 % (solution B, pH 3.75) and 68.8 % (solution C, pH 3.28) 137 Cs had been desorbed, leading to the conclusion that 137 Cs cannot be completely desorbed from lichen by this procedure. The solution pH influences 137 Cs desorption from lichen when the desorption was performed using solution B and to a lesser degree using solu-666 ČUČULOVIĆ, VESELINOVIĆ and MILJANIĆ tion C, which indicates an indirect or direct influence of H + in the desorption processes, besides the presence of Na + and NH 4 + (Fig. 1) . However, in the presence of K + (solution A), there were practically no changes in the amount of extracted 137 Cs with changing pH, indicating the specific and dominant influence of K + as compared to the influence of H + on 137 Cs desorption. This is in accordance with data obtained from the literature, 6, 7 Consecutive desorptions with identical desorbent volumes led to changes in the amount of sorbed substance (c x ) with the number of desorptions (n x ). In order to analyze this dependence, the following equation was applied:
where c 0 is the concentration of the sorbed substance ( 137 Cs) before desorption. 8 Graphical representations using Origin 7.0 software 11 to the data given in Tables I-III gave curves showing an exponential dependence of the remaining amount of 137 Cs, i.e., the desorbed amount, on the number of successive desorptions, regardless of the solution pH.
Application of the logarithmic form of Eq. (1) on the values given in Tables I-III resulted in two types of curves. A linear dependence was obtained using mixtures: A for pH 2.00 and 3.28; B for pH 2.58 and 3.75 and C for pH 2.87 and 3.28. This indicates that one sorption type is dominant in these cases. In all the other cases, curves like those given in Fig. 2 for selected examples were obtained. They are slightly different from those mentioned above and indicate the existence of at least two types of sorption, but when the corresponding desorbants were used, the desorption of 137 Cs was not sufficiently separated to be dominant. Desorptions performed with mixture A, pH 2.58, 2.87 and 3.75, B, pH 2.00, 2.87 and 3.28 and C pH 2.00, 2.58 and 3.75, gave this curve type. This shows the existence of the simultaneous action of H + and other cations that did not lead to the formation of dominant sorption, i.e., a linear dependence according to Eq. (1).
The obtained results lead to the conclusion that Cetraria islandica lichen, i.e., its remains, become sources of secondary pollution with radiocesium, not only due to the action of acid rain, i.e., H + , but also due to the action of K + , i.e., its compounds. To a lesser degree, the action of NH 4 + is similar to that of K + .
